Abstract: A Monte Carlo reliability simulation method based on T-S fuzzy fault tree model is proposed to solve the problem of hydraulic system reliability modeling and simulation. Firstly, a reliability analysis model of hydraulic system based on T-S fuzzy fault tree model is established. Secondly, based on the reliability model, the simulation of the system reliability is realized by the fusion Monte Carlo numerical simulation method. Finally, the effectiveness of the method is verified by the typical hydraulic circuit. In the case of simulation 2000 times, compared with the theoretical calculation the error of Simulation results is on the order of 10 -2 .
Introduction
With the development of technology, hydraulic technology has been widely used in construction machinery and mine machinery. In some cases, the reliability of the hydraulic system is directly related to the life safety of the property. The use of reliability analysis can effectively improve the efficiency of hydraulic system design and maintenance and shorten the reliability of design time [1, 2] . Traditional fault tree analysis method is simple and logical, which is an effective method for qualitative analysis of system reliability [3, 4] . However, there are three main problems such as lack of fault probability acquisition, difficult to determine the event contact and can't describe the fault degree, so the system reliability quantitative calculation is often greater deviation. In order to solve the problem of quantitative calculation of traditional fault tree, a reliability analysis method of T-S fuzzy fault tree is proposed [5] . This method solves the problem of failure probability uncertainty by describing the probability of failure with fuzzy number. By constructing the T-S fuzzy gate to describe the inter-event link, the problem of event contact uncertainty is solved. Through the introduction of expert experience, the problem of lacking fault probability access is made up.
Monte Carlo simulation is a statistical experiment based on random variables or stochastic simulation method, which can deal with complex system reliability analysis problems with different life distribution and reliability models [6, 7] . It can also reflect the randomness of system faults, and is widely used in the field of reliability simulation.
In this paper, the Monte Carlo simulation method is combined with the reliability analysis method of T-S fuzzy fault tree, and a fuzzy reliability analysis and simulation method of hydraulic system is proposed to assist the hydraulic system reliability design and shorten the reliability design calculation time.
T-S Fuzzy Fault Tree Analysis Method

Build membership function
Usually we describe the fault as "no fault", "moderate fault ", "serious fault ", the exact value can't describe the degree of failure, so use [0,1] on the fuzzy number to describe [8] . For the convenience of calculation and description without loss of generality, select the symmetrical trapezoidal membership function, the expression is as follows: 
The membership function graphs of the three fault states are given as 0, 0.5, 1 respectively, as the support center of the three fault state fuzzy numbers, and the membership function is chosen as follows: 
T-S fuzzy tree algorithm
Let the basic event be{
, , , n x x x  and the upper event be Y , and they are connected by T-S fuzzy gate. The degree of failure is described by fuzzy number ( )
The rules l of the T-S fuzzy gate can be defined as follows:
, and the superior event is in each fault state
The total number of rules is:
When the basic event is { }
, the rule execution probability is ( ) ( ) ( )
So the fuzzy possibility of the superior event is: 
Monte Carlo Numerical Simulation
Through the T-S fuzzy fault tree analysis method, the failure rate of the top event can be obtained by the failure rate of the underlying event, and the Monte Carlo numerical simulation method is used to simulate the system reliability.
The basic principle of Monte Carlo simulation
Assume that the structural limit state equation is ( ) 0 [9] . The corresponding failure probability can be called the classical failure probability, and because only considering the randomness of this kind of uncertainty, it can be called the random failure probability, the exact solution of the failure probability is ( )
Where ( ) f x is the joint probability density function of the basic random variable vector x , and f D is the system failure domain constituted by
The basic idea of the direct Monte Carlo method is to use the joint probability density function
of the basic random variable to be sampled. The ratio of the number f N of the sample points falling into the failure domain f D to the number N of the total sample points is given as the formula (1) .The unbiased estimate of the failure probability P defined in Eq. (5), which is 
Monte Carlo algorithm steps
Based on the analysis of the Monte Carlo numerical simulation principle, we can summarize the Monte Carlo simulation algorithm steps as follows:
Step1 Produce independent random numbers uniformly distributed over the interval [0, 1], where 1, 2, ,
N is the number of sample groups sampled, n is the number of basic variables;
Step2 The above random samples are converted into N sets of random vector samples that correspond to the cumulative distribution function j F of the basic random variable j x , where ( )
Step3 Step4 Solve the failure probability estimate P by Eq. (6). The Monte Carlo method is not limited to the scope of application and has nothing to do with the number of variables, as long as the limit state equation can be known. However, for the small probability event common to engineering, it is necessary to make N very large to converge [10] . Therefore, it is generally necessary to use a large number of points to improve the accuracy and reduce the variance.
Advances in Engineering Research, volume 141
Case Analysis
Truck crane is a common construction machinery. Because the tires of the truck crane are elastomers and its support force is limited, so the lifting operation must be carried out before the leg to load [11] . When the truck crane is running, the legs need to be stowed. In the course of work, the frequent system failure of truck crane leg circuit is can't lay out the legs or decentralized legs but can't hold up the body. Analysis of the causes of system failure, the main reasons are: 1. Hydraulic pump failure, 2. Oil filter failure, 3. Valve failure, 4. Two-way hydraulic lock failure, 5. Relief valve failure, 6. Hydraulic cylinder failure . The establishment of T-S fault tree as shown in Fig.2 .
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T-S Gate G3 X1 X2 X3 X4 X5 X6 Fig.2 Outrigger hydraulic circuit T-S fuzzy fault tree T-The legs can't support the body M 1 -Fuel supply system failure M 2 -Control loop failure X 1 -Hydraulic cylinder failure X 2 -Hydraulic pump failure X 3 -Oil filter failure X 4 -Reversing valve failure X 5 -Two-way hydraulic lock failure X 6 -Relief valve failure Through the 10 hydraulic failure and maintenance experts given the empirical data based on academic qualifications and business time weighted processing, the fault tree in the three T-S door were developed. Based on the empirical data given by 10 experts on hydraulic failure and maintenance, the T-S fuzzy gate rule was developed according to the academic and practice time weighting. According to the manual of hydraulic components, the basic failure rate of each hydraulic element is obtained, and the above failure rate data are brought into the established T-S fuzzy fault tree model to calculate the failure rate of each event [12] . Monte Carlo simulation is used to predict the reliability of the hydraulic system over time. Set the simulation number at 2000 times, select Matlab random number generation command to generate random number, calculated by the system reliability curve with time as shown in Figure. It can be seen from the comparison of the data in Table. 2 that the simulation results of the Monte Carlo simulation method are about 10 -2 when the number of simulations is 2000 times, which proves the validity of the Monte Carlo simulation method .
Conclusion
In this paper, the reliability of the truck crane leg loop is calculated by using the T-S fuzzy fault tree model, and the Monte Carlo simulation method is used to simulate the reliability of the system with time. The results show that:
1. The possibility of a moderate failure of the hydraulic circuit of the truck crane is at the same order of magnitude as the failure of the hydraulic components. The possibility of serious failure is higher than the possibility of serious failure of the hydraulic components two orders of magnitude.
2. The probability of failure of the hydraulic system of the truck crane is greater than that of the oil supply system, and the probability of failure of the oil supply system is greater than that of the control circuit.
3. The Monte Carlo simulation results show that the method is an effective method for hydraulic system reliability simulation analysis when the simulation number is 2000 times and the error is about 10 -2 . The results show that the reliability analysis method based on the TS fuzzy fault tree model is an effective method for the reliability analysis of the hydraulic system, and the method can make up for the lack of fault history data by expert experience. , Which reduces the requirement of reliability analysis to fault history data, and is more adaptable than traditional fault tree analysis method.
